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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate bias voltage 
generating circuit of a semiconductor device having high 
pumping efficiency. 

SOLUTION: This device is a circuit generating substrate bias 
voltage used for a semiconductor device formed on a 
semiconductor substrate, and comprises an output node VBB 
connected to a semiconductor substrate, a circuit 1 20 
generating at least one rectangular waveform signal including a 
period of a higher voltage level VPP than power source voltage 
level VCC, and an electric charge pump circuit 1 40 connected to 
the output node VBB and pumping electric charges to the 
output node VBB by a rectangular signal. 
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fifit e m * y - k iz mm & # > tr >- ^-r 5 mffi# ^ ss 
^*s(s< *o-c - £ z&mtirzmm^ 

[ff:#Jf2] mffEm-s§-3g£^J£li, 

WE«£iiig&. 
*H§£3M8:£, 

j££TmjfE h 7 frigid lt> Rtjte^Ti^HiifE 

tti;0V- Klc«ffi£#Vfc°^1-5mffi>K>'7 p |H]»§£, 
[M#Jf4] flrESEtfe^Sfi, i-"<a->7?|h]S§£-& 

(HlSSo 

[M&JS5] iEh5y^?-li, PMOS Yy> 

miR'U r xm&.&£.®&\zis^x , 



wiijbm?$4?uv?m^-izfccx. mmvv^v*? 

flME«-WE u^MHfeStt:, fufEfS 1 &. 
i^-<yu-€r mItE«^«JEJ; 9 iS5<^fi:EE i^/H^m-T-S r 

££4#m£-r50sg o . 

ffiSJtCS^V^BSr^TL, mJfEfi? 1 Xt/» 2 * n y 
-§-co&t@t±, ruIEI? 3S^4 * n y ^ff-f-Kffitttfjft 
d £ £ *JS 7 (C|E«tO!eISS„ 

'^/u £ huWE F7^^ — to x u -> 3 A- K«J± £ cojp^: 
ffi£A±-C*j5r,tS:W* £ -T 5 7 tcfEicCOlsISS,, 

[0 0 01] 

-rr^«iE^^nigs^B8i-5tco-cfoSo 

[0 0 0 2] 

■y^^V^'i^T^lr^.y^ey (dynamic ran 
dom access memory:DR AM) ^JF$ 
fiJc^ttS^^f^:^ Vf (semi conduc tor 

chip) \zi*^ fknnm&fttk-rzm&i'U txme. 

(/<-y $ s<4 T 7. (back-b i a s) $V Mii^^^-Y 
TPs (reverse-bias) £ t>V 5) H4.(lISg 

(substrate bias voltage g 
enerating circuit) hfo&o 

[0 0 0 3] DR AMJ&SflM^ftSS&lCftcomjEd^ 

So 

[0 0 0 4] 1) A«-|Mt*-#*ft«JfS»*h5>' 
'ST**? — (Me ta 1— Ox i d e — Semi cond 
uctor Field Effect Transi 
s t o r ; W&s MOS h 7 >^ 9 — £ 5) COzJf 
X^gb* (body effect) (cgH-rS^ 
3 /lx K®£ (threshold voltage) <D 

[0 0 0 5] 2 ) /^V^^/W— MS. (punch-th 
rough vol tage) d s iti < 7^ S » 
[0 0 0 6] 3) S£-3--f<->^ V^. ( j u n t i o n 
capac i tance) Ur»)^jSftA 5 (a]± 
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[0 0 0 7] 4) t^l/'>3^KlS (s u b- t h 
reshold current) # s fl|£^"3~5 0 

[-0 0 0 8] 5) TTL (trans istor-tr 
ansistor logic) U^/l^A^filJEE/^T 
>ryi/zL— h (undershoot) "f £ <?: # fC|§£ 

[0 0 0 9] 6) D R AMW ^ !i t;l/(C»f 5 ^ t 
^ y ? V y \s y is (dynami c ref res 

h) «M±36S3fi<t:$ix5« 

[0 0 10] -^«A<0«E-e¥**SffiS: 

[OOliIBill ft*a«HJ;sa5S^-f T^«BE 

5i, **'<>fT**ffi«£I§IIBltt, ^ii^ (o s c 
illator)' 10,^ y *«-S-J8£S ( c 1 o c 
k signal generator) 1 2 S ®f^Ajf 
>^ p |hI5& (charge pump circuit) 
1 4 , XUMfcfcHS (detector) 16 £^ tp Q 

1 6^bom*ft*ENas*«*l OKHtfJPSixSi: 

CSr*4i-5 0 ?oy?»W4«l 2tt, %|gS 1 0 

*»&***ixfc*«fli*, ip%*iiflr*osc*»e>»6 

il^^ft^S^f (rectangular s igna 

UIJ± l/^/V (negative vol tage le 
v e 1 ) 

[ooi3]H2it hi t*snfca*o«wr#^^ 

S&14J3:, "CHARGE PUMP CIRCUIT 

FOR A SUBSTRATE VOLTAGE 
GENERATOR OFA S E M I C O N D U C T 
OR MEMORY DEVICE" t\t^o£foX\ * 
SWfFJBS. 3 4 3, 0 8 8*«C»*SixTl^S 0 H 2 

5, 3 4 3, 0 8 s-^izmm^m^tix^^tzisb^ -t 

^l¥iHlftKWtt«*i-5o IH2{-*^^/c®?^^^7 p [h] 
881 4TU *S#I?S?5, 3 4 3, 0 8 8-^iC*i«£ 

[0 0 1 4] *B^fFS5, 3 4 3, 0 8 8-^{C®gc£ 



CO ^tbf&i^/i- (Witf, 'StttEEVSS) \zM& 

/Mi, -vccciot, KA^y— h^ii«$4x 

fc.PMO S h7>^^-4 2, Xfi/- KF^y- h 
T^iS^nZ-cPMO S h7V^^-4 6^^V-^*^ 
£*l£ 0 a^VBBOlEt (-VCC + 

| V t p | ) (V t pte, PMOS h7V^^^^ 

^ff^-C LK1WCLK2I1 

LK3SU^CLK4(i|5]-(D{iffi^W-r6^, 
'</W*««:*rr5. -t LT, ^Ps/^fltCLKlXtf 
CLK2(/)fiffifl ^ny^fffCLK3Sr;CLK4 

[0 0 15] MOS F7^^-^ K*JE 

v\ 

[0 0 16] t:^\ iffitfi<A«fc 5f-, ^VtV^ 
^fr^tLf-mcoiffi^VBB^ttffifi, (-vcc+ | v 
t p | ) «T*T-(S<*5fcJt-Ctt*V\ Mx.fl IS 
fj±VCC^5Vt**)«9, PMOSh7>^^-W 
1/^/3/1/ KiE^ 1 Vtfo6 ^t, S^VBBtt, -4 

B(i, -ivwts^^o BP*?, 

*EE^±IeI^ 1 ^?K>fc: 0 >^^(i, PMOSh7^y 
^.^ — 4 2/4 6(0^ Uisa/U KSJE(cffi^-t"55^^:tt 

[0 0 1 7] 
[0018] 

*i-Sfc^<7>*|8W^l«F»|cJ:5i:. ^*#:S4£_bic 
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[£ 0 1 9] wO«McoS4L^3llfS^^*3^-r, if 
[0 0 2 0] *38|IJ<aft&(a#»K: ± £ t . ^#f£S«± 

[0 0 2 2] w<Z)*M<oa*LV^HJSJg|B»CioV^T., h 
7V^^Ht pmos h7y^^-^tp 0 

[0 0 2 3] ^co*P^oa*LV^t£JF0«i^*5V^T, ^ 
*#»li. WR«E«:ttfflLTrt«BJWK:Kv^«ffi«:»± 

[0 0 2 4] *»M^3EK«iO<»«*cj;6i, ^*ff£g 
[0 0 2 5] w<o*W<7>a*Lv^l!(6JBllBJc*3i^T, $ 

^ p >y ^ ^ <b t -r 5. 

[0 0 2 6] -coigns* Lv^JEJKHidfcv^-C. 

ttffU^Hi; WKWEl"<'l'£ h7y^^-W^ 



[0 0 2 7] rcoj: 5 48tiaot, «ffir^°v^[El5S 

[0 0 2 8] 

as d 4 |c 7n £ tir ^ 5 o \%l4\C7fk&titz# p y *'*£ia 
Bi 2 0ii, OTx.fi, m l (c*$ixfc*«^-<T^I64: 
@38w^ py^^lHlKi 2cof^feQ^ffl$ix#5o 
0 4{c^^tL^m?^f^ o ^^ p lH]gg 1 4 0 ft, BIX 

5o H4(c^$ttfc^u y ^5S^niai 2 0fi, ituS, 

«*.tfH i. <o*it«i o^e>»«*ns«iifs-5-osc 

(CIS 1 75H^ 4 ^ p ytiB^-C LK1-CLK4 

«r**i-5 0 *l»ff»2^Py^fStCLKl»tfC 

lk 2tef^-<Df£tB£#-r£Kffi, tHafta^^s*- 

*i-5o l3W|4^n^|f^CLK3MCLK 

4 ft, ra--0>ttffi*<r*-SSB, *B»ft6^^««r* 

LK2<7>{ifflfi. S3TO4^Py^ftfCLK3a 

[0 0 2 9] SO*. B4«:#fig-rS£, ?uy?$&±m 

5 9 1 4^Pi/^ ff-^-C LK1-CLK4 
S:^ffl^t6fc^fflM^160a, 160 b, 1 

6 0 cMl 6 0 d Sr-^tfo 

[0 0 3 0] ?u y?$£±\B\&l 2 0i3\ A^*S 

^■15 9{cB:^iJig|g^tlfci7OC0-r>'y<— ^ 14 1-1 

4 7\ >r >v<— * 141 xt>* i 4 7 coaj^j. >r * 

1 4*3&X$1 4 S<T>mJl : &&* AJjt~fZ> 2o(D2 A^ 
NOR^-H 4 8, 14 9£^tr 0 *fc, ^p^3§ 

^(Hi3S 1 2 o ft, >r ^ 141 i 4 7 com^, 
-r ^ i 4 3Mi 4 s^au^Sr^^A^^-ra 2 

O(D2A^NAND^-M"5 0, 1 5 1 Srttfo 
[0 0 3 1 ] ^p 2 0ft, NOR 

y-n 4 soui^^ai^ffi^i 6 o a t(orataifes 

tLfc® 1 l^A-^&Sl 7 4, NORy— h 1 4 9(DtH 

Airffl^l 6 0 bi<olBlcEyi]te»tt*ixfc3oo 

W<— ^ 1 5 2— 1 5 4, N A N D ^ — hi 5 0<Dffi 
6 0c <h(DPfl{ca:?iJ(ca^^ttfc40(^ 
9 15 5—158, MNAND^- h 1 5 1 
<D\ti+)t ffl^jS^l 6 0 d tOF^(Cjg^$^C^2 
1 7 5 ^^^ 0 

[0 0 3 2] * 1 RTffH 2 U"</U««S 174SI/17 

5 it. mWM&VCC ^/UrttSNORy- 
hl48C0tb^, N AND^- h 1 5 1 <Dtti^^#^ A 
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*tt5f 1, *4^Dy?»fCLKl, C L K 4 £ 
ttJfci-Sa^M&^l 6 0 a v 160dC^HiM5o 
fL2, i3^P>y^|f^CLK2, CLK3^#tEU 

SEVCCi^V^JiVppfl DRAMrtSCtiffl 

[0 0 3 3] gl^SMl7 4(l 2 00NMO 

5 ^7^^^- 1 6 1M1 6 3, 2 00PMOS h 
7^^^-l 6 6 5S^2o^^-^ 1 

6 2RX/1 6 6t?«fiK$ixTV^5o BP*>. fill U"</U« 

(level shifter) T-#fj&£*LT(^& 0 
>v<— ^ 16 6(t SSKJ: LTifrlffiV p p rt$«tfc£n 
3 0 £ 2 W"</uaj*» 17411 31 1 i^y^SHftS l 7 

tffvp p*s»«*jx5>rw<-^ i 7 3-e«^*tt 

[0 0 3 4] Buife^^fc^n 2 0^*3 ^ 

T4fifc*tb5* 1 75MSS4 * p y^I^CLKl - CL 

K4d «w*>^[a*i 4.o*c(Bfi&*tL5 0 «^r^> 

y^UK 1 4 0 !l y^fCLK 1-CLK4ICJS 

[oo3 5] *»w«>a* Lv^*isas»»c«s^ p 
y **£iaig i 2 o &^tf*«AW r*«E«£0ag-c 

^ri-sttffif^v^iEiBS i 4 o ^^ijffl-r^o 

[0 0 3 6] H4C**ixfc[aiS*j«S:*-r5^oy^ 

2 oicintf, *-r, »istf*2^o^ 
4^i§i/-<^^^isu-</Kcs#-r^o *^^ast 

p p i"<;i>$:^1rZ> 0 

[0 0 3 7 ] a ry^m^s^tasc-c, /- KD 
SWEit SJft^^y^t^y^ 3 4M3 5(a 

ixfk<nmnmi. t-vco ^/mc^^ y— kf 

(-Vpp) U"</MCfcS 0 PMOSF7y 
^?-4 1, 4 3. 4 4. Rl$4 6lt ^ — V-^V 

BBfrb;- KB«C8KALfc«1t(ftt, PMOSh7^ 
**-4 3^fflLTSifeffi^-(-^m^^5o 
[0 0 3 8] X. ffi^VBB^?>(7)«^ffi, 9 — >~* 
y^tl/:PMO S h7>^^-4 1 ^iiLT/— KA 
ice»$ix5fc*, y-KAWtElia«tEVSSi/ 



^UJ: 0S5<<t«F$ttS o t£oT, PMOS h7^ 
^-4 211 ^-V-^"7^ix N y — KB H Si^VB 
Bt*aW(Cjtfe»S*ta o 4B^VBB^e><7)affiffi> P 

mos hvy^^-4 4 ^iiLry- kc tea 3 ft 
5fc«>, /-KC^DEIt 8SSiffivSSi/^«l;9 
i*<li#£ft5o t£oT, PMOSh7^^-4 7 
fl *->--^£ft. /-KDIM^VBB^IIKJ 
{c|&Jt£ft£ 0 NIl-s PMO S h7 — 4 8 W\ 

*->--:*-7£fty- KE<DSffif±A*>«««ffi (-v 
cc) u-</uj: 9SKI£J*£ft5<, 

[0 0 3 9] ZCDQtf&frb. ffifVBB^f)0t^P 
MOS h7>^^-46 5riiLT7 — KD{Cfci§£ft 

VBBfl A^®as«JE (-VCC) i"</M£fc5o EP 

PMOS h7V'^^- 4 600^— . McRMjq£ft£ 
mBE (y- KFOUffi) J&s*0>iMUE (-Vpp) T*fc 
5fc#> (:<^^, PMOS h7y^^-4 6cO^U 

PMO Sh7>"^^-4 6 £iiLTy — KD^«£Ai" 

•EVBBii, S§*<z>*tE^-f T^«ffi«*EK.»cJ;o 

MOS s si?xjr — (D* u«>37U K®JEtcffli£i-5« 

[0 0 4 0] ^<£>^, S3SOl4^Py^fffCLK 
3WCLK4^iU^ (0ijx.fl ^i&*J±) ^?>it5 
i^/Mcjg^U BfSfe«rlB*»ibfc*fc, SIMS 
2 ^ p y^it^C L K 1 MC L K 2 

i^/mi mams. m&(om&) xvm^WE (v P 

p) u^/u^^-f^o 

[0 0 4 1] ^(7><b#. y-KBRtfCIt ttfc-t&tf 
>y"*^y<i/? 3 2RTI3 3ic£^Xfi<vmMMJ± (- 

vcc) (i*9 % y — KAtt. WjcSi-a^v^*^/^^' 
* 3 l i:,];otft^illl±-v P pi:4otPMOS h 

7y^^-4 2, 4 5, 47, ^U4 8l^-y- 

W^RItciB^ VB B^fey- KDlCgfEALfcSffifl P 
MOS h7^^-4 7SriiUT»flSjB^»ii0[«Six 

[0 0 4 2] X. SJ^-V B Bfrb<Dmffi&s PMOS h 
7^^ ? — 4 5 SriiLT/ — KF(ce^$tt5fc«>, 
KF(0«JEtt % mmmS. (VSS) u^<^J:9iBS< 
JtWP^tl^o t*oT, PMOSh7^?-4 6ft 

^>o ffi^V B B7^ib<D®ftfl PMOS h7>^^- 
4 8£iiLTy- KEjCfi^SnSfc*. 
EEtt. Siffi«EEVS S ^JisXQMKmftZtlZo S£o 
T, PMOS h7y^^-44ft y— KCOttEEu 
-</u^A w*jR«EE - V C C \y</v X 9 i* < £ tt 5 
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[0 0 4 3] ^(Otif&frb, ffifVBB^^^tWP 
MO S Vyyy^? — 4 2 £»LT/— KBfCgii^tV 

VBBfiA^tiKlff (-VCC) l"<;V{Zt£Z> 0 gp 
£ N PMOS hy>-z/X? — 4 2(Dtf— hlCftlMZthZ 

in (/-KAcosji) ^A<oi#i®j± (-v P p) r-fe 

d<£>i#, PMOS F7>^^-4 2W^l/ 
^3/1/ Kmi±{-i^#^!in^^) , S^VBB^bPM 
OS h7/^^- 4 2£riILT/ — KB(CjjffA$n^ 

EEVBBfl T^«BE*4ia»KJ;o-C 
t#<bn5-?rtiJ: 9 fc£ Mcffi^flffi u^/u (gp^ x pm 

0 S h7^^-4 2<D* K«JE(ciffiiSi"4 

[0 0 4 4] Milt tjgiJEVCC^2Vtfc9, iU 
tJ±Vpp^3. 2 VT**>5ir^i"So H 5 l±, ~CD 

BB (Prior Art) X*&> 9 > * JSJSJKffi Kl <fc 5 
S1S y< ^ T^IIJEEfiV b g (Present Inve 
n t ion) T*fc5 0 glMg4^n^^f^-CLK 

1 RXJC L K 4 CDS U^</U*S«««EV C C U"</U-0*> 

lJ±VBBJ:!5i«v\ HP*>, «P^(DMI1CJ;6S 
VBB^/Hi, (-VCC) il?L 

[0 0 4 5] 0 6 11 *«M^a*Lt^lB2llliS?BIBfc 

i5^ny^i8^iaBoi¥iiaiHiKia-e*>5o se*^^ 

[0 0 4 6] l2HMia^^p **«£0lSfcjS 

L K 1 S(/C L K 4 COiS U^SrtllEVCC^ftt) 
9(c«ag«JEVCC J: 0*i^«ffiv p p u-</Mc^m-f 



ffi l 2 u~</u£*» 174' M175' 

L V t° > ^ (pump i ng scheme) 

tmm&tiz^ tx*hz> 0 »2H*?KiBott«f# 

[0 0 4 7] a±o i 9 tc s * D ^^^[HlSS^rt$P^ 

^/^Hioo^Dy^i^, sasejEi o fcS! 
J: 9 x «xtf, if^vyiHi^oPMOs h7^^ 

^ — 4 2 7ALM 6 CD* \s is a /U KSJESr^JEI-S r £ & 

[0 0 4 8] £*±<D J: 5 *38Bjj<aSS L^*Jft«ift 
^T*m/±5r, te^WKWE (#JxJi2V) Tt*g*S 
[0 0 4 9] 

Sr£{cj;9, *S^T^«ESriS:<i-5r tds-ct 
[Ell] t6*a«fcJ:6aaK/MT^«£E38*|iIB«)* 

[Bi2] iaii^snfc«w^v^iai«o»j|«iEiKiaT? 
im3] m2<D#uy9fc*to94 %>tr&7frtmmyt' 

[04] *56WoS*L^SIi£16»ll8fcJ;3»RAW 

Classic £ zmm'UTxmj£e>&itk m &mm\z£. 

[16] *I?fl©Mi Lv^ 2 HSf ffiic J: 5Sfi/M 
r**ffi*£@K<0»»i0*&ig-c*.5. 
[»t©R9l] 

1 S«'M7*«ffi*£lHlB& 
l 0 %M$g 

12,120 9 o s/^^^HSg 
14, 14 0 m^^V^lHlSS 
1 6 
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